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1 Introduction
Recent progress in DNA micro-array techniques enables us to obtain a massive amount of gene ex-
pression profiles simultaneously. Using the expression profiles we infer a gene network hiding the
obtained data. Although several inference methods have been presented, most of them are insufficient
in terms of reliability and processing time [1]. To overcome the problem, we develop an inference en-
gine with SIMD (Single-Instruction Multi-Data stream) parallel operations based on optical array logic
(OAL). Then we describe the algorithm with HDL (Hardware Description Language) and construct a
prototype of the inference engine on an FPGA (Field Programmable Gate Array) device.
2 Method
OAL is originally developed as a paradigm for digital optical computing, which is also useful as a
description language for parallel processing due to excellent discriptability for parallel operations [3].
Parallel processing provided by OAL is a SIMD-type of logical operations for a set of neighboring
pixels in two 2-D binary images.
  	 	

 	
  


 



 	 fffi	 	
 flffi
   !
ffi"#%$%&'ffi
 	 
ffi

 () ffi*+ffi"
-,.fi	 	
/0
  
1

   2

  
&
#
  	 	
1

 43
) ffi56

   	 	
2

 4 7
1

 
898989 :
;< ===?>
@A@A@ACB
DE FFFHG
IJIJLK
M N
O
NQP
R
1

  

  
"
  
*'ffi
 S0	 	
/-
  
 TUfl
	Vfi
5
W	 	
2

  

2
	  
*%ffi
 S%	 	
&XZY
W	 	
" ffi
 [  	
fl
 
ffi

ffi"
) ffiffi
fi!  
fl
  !

  
\^]
_a`
b
bcbc d
e fhgg i
j
k
i
kml
n ooqp
r
ststst u
vw xxx.y
ststst u
vw xxxy
\
]
_
`
b
bcbc
d
e
fhgg
z{z{z{C|
}~ H 




 
  

 Ł       
  
  


 

 Ł       
  
  


 


 
   Ł       
   ¡
Ł  ¢ Ł  £
¡ ¤ ¥ ¦ § ¡
 ¢    
¡
Ł
 ¨ © ¡ ª ¡ ¤
Ł « Ł    
¬   ¬   
­
  
­
   ®
  
®
  
§§
¥
        
­
  ¯ Ł
© ¡ ° ±
Ł 
 Ł       
®
   ²
­
  
 Ł       
®
   ²
­
  
³´³´³´ µ
¶· ¸¸¸ ¹
z{z{z{ |
}~  
º»º» ¼
½ ¾
¿
¾ À
Á
­
  

 Ł
¤
¢   ¢  Ł ¢ 
ª ¡
 Â    
¬   
 Ã  
 Ł ¢ 
°
¢    
®
  

®
¢   Ł   Ł  Ł ¢ 
ª ¡
 Â    
§  Ä Å
¢    
¤ ¡
 ¢ Æ   
 
 
¡
Ł
¡ ¤
© ¡ ¡
 £   
 
   ¢ £
  
Ç È
É Ê
Ë
ËÌËÌ Í
Î Ï ÐÐ Ñ
Ò
Ó
Ñ
Ó Ô
Õ ÖÖ ×
Ø
ÙÚÙÚÙÚ Û
ÜÝ ÞÞÞ ß
ÙÚÙÚÙÚ Û
ÜÝ ÞÞÞ ß
Ç
È
É
Ê
Ë
ËÌËÌ
Í
Î
Ï ÐÐ
àáàáàá â
ãä ååå æ ç
è
ç
è
ç
è é
êë ììì í
î
Figure 1: Schematic diagram of the presented method: (a) conversion of the target network and (b)
block diagram of the OAL operations for elimination redundancy.
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We have developed an inference method for gene network with OAL [2]. The method eliminates
redundancy from an initial network obtained by biological experiments. The method provides a highly
accurate result by realistic computational costs. Redundancy elimination of a gene network is useful
to identify direct interactions among a set of genes [2]. Figure 1 shows a schematic diagram of the
presented method. In Fig. 1 (a), a redundant network as the initial data is converted into a two-
dimensional image. The several kinds of OAL operations shown in Fig. 1 (b) detect redundant links
in the network and delete them. A parsimonious network is constructed from the output image of the
operations.
In the simulation using artificial network data, the presented method shows more than 90% of
sensitivity [3]. Also, the presented method completes the whole processing in 10nlog2n steps of the
OAL operations for n nodes, whereas the DBRF method requires O[n3] of computational time costs
for redundancy elimination [1]. These advantages of the method come from effective use of parallel
processing capability of OAL.
3 Hardware Design and Implementation
A hardware specialized for OAL operations
is required to apply the presented method to
a large scale of gene set. We describe the
processing procedure in HDL format. HDL
description is the first process to design LSI
(Large Scale Integrated-circuit) and the ob-
tained code can be used for LSI fabrication.
We implement a prototype of the inference
engine on an FPGA device using the HDL
code. The image size for OAL operations is
8×8 (n=8). For the FPGA device, XCV300E-
6fg236 (Xilinx) was used. The FPGA provides
the correct as shown in Fig. 2.
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Figure 2: Simulation results obtained by HDL
simulator: (a) input signal and (b) output sig-
nal.
4 Conclusion
An inference method for gene network using OAL has been developed and a hardware for the method
was constructed with an FPGA device. A notable feature of the presented method is the target network
is converted into an image format and processed by SIMD logical operations in OAL effectively. We
found that OAL is useful for not only algorithm design but also hardware embodiment via HDL
description.
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